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Communication
Dual-Polarized Phased Array with Endfire Radiation for 5G Handset
Applications
Jin Zhang, Kun Zhao, Lei Wang, Member, IEEE, Shuai Zhang, Senior Member, IEEE,
and Gert Frølund Pedersen, Senior Member, IEEE
Abstract—This paper proposes a dual-polarized endfire phased array1
for 5G handset devices at 28 GHz. The proposed 4-element array has2
low profile of 1.1 mm, small clearance of 2.7 mm, and symmetric3
patterns in the vertical plane. The array element is fed by Substrate4
Integrated Waveguide (SIW), which works as a waveguide (WG) antenna5
with vertically polarized radiation pattern. Two transition plates are6
introduced to improve the impedance matching of the WG antenna.7
The horizontal polarization is generated by exciting one of the transition8
plate as an antenna. The other transition plate is modified as a group9
of triangle strips to minimize its reflection to the horizontal radiation10
patterns. A -10-dB frequency bandwidth of 5.3% and a -6-dB bandwidth11
of 25% are achieved, overlapping between the vertical and horizontal12
polarization. The array scanning angle is from −54◦ to 44◦ at 29 GHz for13
both polarization. Within the scanning range, the endfire gain varies from14
7.48 to 8.14 dBi for the horizontal polarization, whereas from 4.49 to 8.0515
dBi for the vertical polarization. Good agreements between simulations16
and measurements are well achieved and shown in this paper.17
Index Terms—5G communication, antennas for handset devices, dual-18
polarization, phased array, SIW.19
I. INTRODUCTION20
The achievement of high data rate is one of the key features in the21
5G communication systems. At millimeter wave (mm-wave) band a22
large spectrum is available and therefore, it is a good candidate to23
be used for cellular mobile systems. Because of the high path loss at24
these frequencies, phased arrays with high gain have to be adopted25
[1], [2]. An advantage of the dual-polarized antenna arrays over the26
single-polarized is the fact that they may provide better connection27
with the base stations due to the unpredictable orientation of the28
handset devices. Over the past years, significant progress has been29
made on the dual-polarized antennas for base station applications of30
the 2G/3G/LTE communication systems. In [3], [4], they have been31
introduced a dual-polarized patch antenna with differential feedings.32
Large bandwidth is achieved by exciting two orthogonal dipole, as33
shown in [5]–[10]. Those antennas have the advantages of wideband,34
low cross-polarization, and symmetric radiation patterns. However,35
the 3D structures of the antenna and feeding networks are difficult36
to realized in mm-wave band due to the shrinking of antenna size.37
A dual-polarized planar aperture antenna at 60 GHz is presented38
in [11]. Low-temperature cofired ceramics (LTCC) technology is39
adopted to realize the multi-layer stacked structure. Another dual-40
polarized antenna at 60 GHz is shown in [12]. A magneto-electric41
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dipole is excited by two stacked slots and it has been used in 42
a 2 × 2 array as an array element. They are designed for 60 43
GHz but the current frequency bands of 5G system will be mainly 44
deployed around 28 GHz [13]. If the same strategy is applied at 45
28 GHz, the volume of the antenna will be much thicker than 46
at 60 GHz. Moreover, all these antennas have broadside radiation 47
patterns. However, the endfire arrays are more preferred in the mobile 48
handsets [14], [15]. The antennas in [16], [17] realized endfire dual- 49
polarized radiation patterns by applying multi-layer PCB. In [18] has 50
been presented horizontal and vertical polarized Yagi-Uda antennas 51
integrated together in order to achieve both linear polarization with 52
endfire radiation patterns. Due to the fact that the thickness of the 53
substrate has to be quarter wavelength at the operating frequency, it 54
is quite difficult to lower the antenna profile. Moreover, because of 55
the asymmetric structure in [16], [18], the radiation patterns are also 56
tilted in the elevation plane. A dual-polarization SIW WG antenna is 57
proposed in [19] with low profile but it is not easy to be integrated 58
into a handset device due to the big electrical size. 59
In this paper, a dual-polarized endfire phased array, which has low 60
profile, small clearance, and symmetric patterns in the vertical plane, 61
is proposed for 5G handset applications at 28 GHz. The paper is 62
organized as follows. Section II introduces the antenna design and 63
analyze it. In Section III the simulated and measured results of the 64
antenna array are presented. Finally, conclusion is provided in Section 65
VI. 66
To avoid potential confusion, the +/- y direction in the following 67
content is called endfire direction, which is defined according to the 68
mobile phone or the ground plane. To simplify the description, the 69
vertical polarization (V-pol) and the horizontal polarization (H-pol) 70
are used to represent the θ polarization and the φ polarization in this 71
paper, respectively. 72
II. ANTENNA DESIGN AND ANALYSIS 73
A. Array Element Structure 74
The array element configuration is shown in Fig.1. The antenna 75
is constructed by a two-layer stack-up PCB: Sub. 1, Sub. 2, and a 76
prepreg layer between them, as shown in Fig.1a. The material of 77
Sub. 1 is Rogers RO4003C (εr = 3.38, tanδ = 0.0025), Sub. 2 78
is Rogers RO4350B (εr = 3.66, tanδ = 0.0037), and prepreg is 79
Rogers RO4450F (εr = 3.7, tanδ = 0.004). The thickness of Sub. 1 80
is 0.8 mm, Sub. 2 is 0.1 mm, and prepreg is 0.2 mm. The thickness 81
of the metallic layers (M1, M2, and M3 in Fig.1a) is 18 µm each. 82
Connector. 1 and Connector. 2 are the feeding ports for the V and H 83
modes, respectively. Connector. 1 is mounted on M1 and connector. 84
2 is mounted on M3. The two connectors can also be put on the same 85
side of the PCB. In this case, the radiation patterns in the vertical 86
plane will be slightly tilted due to the asymmetric construction. If 87
it is necessary to have both connectors on one side, the transition 88
plates should also be modified to compensate the influence of the 89
connectors. The structures on M1, M2, and M3 are shown in Fig.1b. 90
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Fig. 1: Antenna configuration. (a) Exploded view. (b) Dimensions on
layers.
The depth of each via is shown in the cross section view in the zoom-91
in pictures in Fig.1b. The diameter of each via is φi, i = 1, 2, 3, 4.92
Via. 2 are a set of metallic vias, which form the sidewall of SIW. The93
array element is designed on a 30 mm × 27.7 mm ground plane.94
The clearance is defined as the clean area reserved on the ground95
plane for the antennas, which in this paper is from the top of the96
substrate until the edge of the copper. The clearance is 2.7 mm on97
both M1 and M3, as shown in Fig.1b. All the other dimensions are98
listed in Table.I.99
The simulated S-parameters of the proposed antenna is shown in100
Fig.2a. The overlapped band of the two modes is from 28 GHz to101
30 GHz. The coupling between the two ports is lower than -18 dB.102
Though the V mode bandwidth is limited by the small profile in103
the z-direction, the overlapping bandwidth can still achieve 2 GHz104
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Fig. 2: The simulation results of the proposed antenna with and with-
out connectors at 29 GHz. (a) The S-parameters. (b) The radiation
patterns of the H mode in the vertical plane (yoz). (c) The radiation
patterns of the V mode in the vertical plane (yoz). (d) The radiation
patterns of the H mode in the horizontal plane (xoy). (e) The radiation
patterns of the V mode in the horizontal plane (xoy).
TABLE I: The Dimensions of the Proposed Antenna. (Units: mm)
wt st lt r1 r2 r3 r4 r5 r6
0.7 0.26 2.4 0.35 0.6 0.5 0.7 0.35 0.55
wsiw ls1 ls2 wo ws ls s1 s2 lf1
5.5 5.6 13.6 1.4 2.3 4.6 0.2 0.2 3.83
lf2 lf3 dc1 dv wt φ1 φ2 φ3 φ4
19 2.6 2.25 0.6 0.4 0.4 0.4 0.4 0.2
with -10 dB impedance matching, which is enough to cover a 5G 105
channel (n261 27.5 GHz - 28.35 GHz) from 3GPP specification. 106
The simulated radiation patterns in the vertical plane (yoz) at 29 107
GHz are shown in Fig.2b and Fig.2c. The radiation patterns in the 108
horizontal plane (xoy) are shown in Fig.2d and Fig.2e. Both of them 109
have endfire radiation patterns and are symmetric in the vertical plane. 110
The cross-polarization level is lower than -10 dB. The results without 111
the connectors have also been simulated, which shows very limited 112
influence. 113
B. Analysis of H mode (φ Polarization) 114
The transition plates are adopted to improve the impedance match- 115
ing of the SIW WG antenna (V-pol) [20]. In the proposed antenna, 116
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Fig. 3: The influence of different plates on M1 to the H-pol radiation
patterns at 28 GHz. (a) The radiation patterns in the vertical plane
(yoz). (b) The surface current distribution.
the transition plate on M3 is modified in order to generate H-pol117
radiation. As shown in Fig.1b, the transition plate on M3 is modified118
as two patches and stimulated by a strip line on M2. The patch on the119
left is connected with the ground plane for supporting the microwave120
propagation on the strip line. The strip line is fed by Connector. 2121
through Via. 1 and connects with the patch on the right through Via.122
4. The energy from the strip line is coupled to the patches through123
the slot between them. The two patches can be considered as two124
arms of a dipole antenna, which generates an H-pol endfire radiation125
pattern. An isolation wall divides the SIW cavity into Area 1 and126
Area 2. An opening on the left side of the isolation wall is made to127
let the strip line pass. In this way, it is easier to reach good impedance128
matching of the V mode. The isolation between the two ports is also129
improved because the TE10 mode is limited in Area 1.130
The other transition plate is on M1 and consists of some triangle131
metal strips. The tapered transition plates are introduces to further132
improve the radiation and the impedance matching [21]. They are133
usually the same on both sides of PCB to provide a symmetric134
boundary for the SIW aperture and further guarantee the radiation135
pattern to be symmetric in the vertical plane. However, the same136
condition is hard to satisfy in this dual-polarization design. Fig.3a137
shows the radiation patterns in the vertical plane (yoz) of H mode138
at 28 GHz with different plates on M1. When no plate is on M1, it139
has the endfire radiation pattern. When a whole plate is on M1, the140
main beam is reflected by the plate and tilted to the +z direction.141
If the plate on M1 is identical as M3 (Slot), a null is observed in142
the endfire direction. It turns out that the triangle strips have little143
influence to the H-pol radiation pattern, which keeps the same shape144
as the one without plate. It can be explained by the ”Slot” surface145
current distribution in Fig.3b. The currents on M1 have the same146
magnitude and opposite direction with the radiating plates on M3. So147
the radiation from the plates on both sides cancels out in the endfire148
direction. The currents on a whole plate are weaker than ”Slot” so149
the radiation pattern is closer to endfire. As the triangle strips are150
adopted, the current magnitude is much reduced and the direction is151
also changed. As a result, the radiation pattern still keeps endfire.152
The surface current distribution on M3 of H mode is shown in153
Fig.3b as ”Triangle”. A reverse ”T” shape slot is formed by the154
patches and the ground plane. The radiation of the slot can be divided155
into two parts: part from the slot in the middle of the transition plate156
(Slot 1) and part from the slot between the transition plate and the157
ground plane (Slot 2). The magnetic current on Slot 1 generates the158
H-pol and endfire radiation pattern, while Slot 2 radiates to the +/-159
z directions and θ polarized pattern. On the other hand, the current160
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Fig. 4: The reflection coefficients and radiation patterns of the V mode
with different plates on M1. (a) Reflection coefficients with different
plates. (b) Reflection coefficients with different dimensions of the
triangle strips. (c) Radiation patterns in the vertical plane (yoz). (d)
The V mode E-field distribution at 28 GHz with different transition
plates on M1 (yoz).
on the two patches has the same direction, which also has an H-pol 161
endfire radiation pattern. Therefore, the co-pol part of the H mode 162
consists of the radiation from the electric current on the transition 163
plates and the magnetic current from Slot 1. The radiation of Slot 2 164
contributes to the cross-pol part. 165
C. Analysis of V mode (θ Polarization) 166
The reflection coefficients and radiation patterns at 28 GHz of 167
the V mode in the vertical plane are shown in Fig.4a with different 168
plates on M1. The impedance matching and bandwidth is different 169
when the shape of the plates changes due to different coupling of 170
the aperture and the plates. The scenario without plate (W/O) has 171
the worst matching and the narrowest bandwidth while the patterns 172
of the plate improves the bandwidth. When there is no plate on M1, 173
the radiation patterns in Fig.4c tilt to the -z direction. When the plate 174
exists, the radiation patterns are similar to the endfire and symmetric 175
shape. The impedance matching of the V mode can be controlled 176
by the shape of the triangle strips, as shown in Fig.4b. The main 177
beam direction of the V mode can be slightly adjusted by changing 178
the length of the triangle strips but it will cause the changing of 179
impedance matching as well. 180
The E-field distribution with different transition plates at 28 GHz 181
is shown in Fig.4d. As we can see, with both plates on M1 and 182
M3, the E-field on the antenna aperture has vertical polarization and 183
the magnitude distributes evenly. If there is no plate on M1, the 184
polarization on the aperture changes and the E-field is stronger on 185
the M3 layer. Therefore, the transition plates on both M1 and M3 186
are important for supporting the V-pol field. 187
In summary, the V mode requires a plate on M1 to improve the 188
impedance matching but the radiation pattern is not sensitive to 189
4
M1 M3
5.5 mm
Connectors 
(vertical ports)
Connectors 
(horizontal ports)
Fig. 5: The array configuration in the simulation.
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Fig. 6: The fabricated array model and the S-parameters. (a) The fab-
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the shape of the plate. The triangle strips are chosen because of190
maintaining the endfire radiation of H mode as previously discussed.191
III. SIMULATED AND EXPERIMENTAL RESULTS192
Due to the high path loss of mm-wave, antenna array is needed193
for the user equipment (UE). The 4-element arrays are a promising194
solution [22]. The configuration of the proposed 4-element array is195
shown in Fig.5. The element distance is 5.5 mm, which is close to196
half wavelength of 28 GHz. The fabricated antenna model is shown197
in Fig.6a. Fig.6b shows the measured S-parameters of all the array198
elements and the simulated results of element 2 as comparisons.199
”V-1” and ”V-2” represent the reflection coefficients of the V-pol200
ports of array element 1 and array element 2. ”H-1” and ”H-2”201
represent the reflection coefficients of the H-pol ports of the same202
array elements. The simulated and measured reflection coefficients of203
H mode show good impedance matching in a wide band, while the204
V mode has narrower bandwidth. The V mode has two resonances205
in the simulation but only one is observed in the measurement. It206
is because the resonance of V mode has higher Q value, which is207
more sensitive to the fabrication accuracy. The measured overlapped208
10-dB bandwidth is 5.3% from 27.5 GHz to 29 GHz and the 6-209
dB bandwidth is 25% from 26.6 GHz to 34.3 GHz. Three curves are210
shown to present the measured mutual couplings. ”V-H coupling 2” is211
the coupling between the V-pol and the H-pol ports of array element212
2. ”Coupling Hij” is the coupling between the two H-pol ports from213
array element i and j. ”Coupling Vij” is the coupling between the214
two V mode ports from array element i and j. The other couplings215
are measured but not shown in this figure for simplicity. All of them216
are below -20 dB in the measurements.217
The radiation patterns are measured in the anechoic chamber. The218
setup is shown in Fig.7. The under-test antenna is installed on a219
rotational axis. The area behind the array within 90◦ is blocked by220
the absorber so the radiation in that area cannot be measured. The221
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Fig. 7: The setup in the radiation pattern measurements.
array is measured in both vertically and horizontally oriented cases. 222
The radiation patterns are simulated and measured from 27.5 GHz to 223
30 GHz. All the array elements have similar performances, to simplify 224
the figures, only the results of element 2 are demonstrated. The 225
radiation patterns in the vertical plane (yoz) of the two polarization 226
modes are shown in Fig.8. Fig.8a, Fig.8c, Fig.8e, and Fig.8g are the 227
radiation patterns of H mode, whereas Fig.8b, Fig.8d, Fig.8f, and 228
Fig.8h are radiation patterns of V mode. The radiation patterns in 229
the horizontal plane (xoy) are shown in Fig.9. Fig.9a, Fig.9c, Fig.9e, 230
and Fig.9g are the radiation patterns of H mode and Fig.9b, Fig.9d, 231
Fig.9f, and Fig.9h are the radiation patterns of the V mode. The 232
measure co-polarized gain of the H mode at the 27.5GHz, 28 GHz, 233
29 GHz, and 30 GHz are 5.2 dBi, 5.07 dBi, 3.88 dBi, and 4.48 234
dBi, respectively. The measure co-polarized gain of the V mode at 235
the 27.5GHz, 28 GHz, and 29 GHz are 4.77 dBi, 6.68 dBi, 6.75 236
dBi, and 4.3 dBi, respectively. The measured radiation patterns are 237
symmetric in the vertical plane and most of them match very well 238
with the simulations. The cross-pol level is 10 dB lower than the co- 239
pol for both polarization. In addition, the cross-pol of the V mode is 240
higher comparing with H mode because some currents on the ground 241
plane leak to the squared transition plates through the connection 242
and then participate in the radiation. Unfortunately, this connection 243
is important for supporting the feeding of H mode and cannot be 244
removed. 245
The simulated beam scanning patterns at 29 GHz are shown in 246
Fig.10. Both the H and V mode cover from −54◦ to 44◦, where the 247
realized gain is above 0 dBi (−42◦ to 39◦ above 4 dBi). The beam 248
scanning range is defined according to a certain gain level in order 249
to measure the coverage of the scanning patterns at the same gain. 250
The peak gain ranges from 7.48 dBi to 8.14 dBi for the H mode and 251
from 4.49 dBi to 8.05 dBi for the V mode. The V and H modes have 252
similar gain from 0◦ to 44◦. The H mode has higher gain than the V 253
mode from −54◦ to 0◦. Because the array elements have wider and 254
more symmetric beams in the H mode, as shown in Fig.9. 255
The materials of the mobile phone has influence to the mm-wave 256
antenna performances [15]. The proposed array is simulated in a sim- 257
plified mobile phone model in order to observe the performances in 258
an actually-supposed handset, while only the results of array element 259
2 are presented, as shown in Fig.11a. It contains a plastic frame 260
(εr = 3), a glass front and back cover (εr = 6.84, tanδ = 0.0297), 261
a screen (εr = 4.82, tanδ = 0.0054), and a phone PCB containing 262
components which are modeled by copper. The size of the plastic 263
frame is 142.9 mm × 73.9 mm. It covers the edges, the full back 264
side, and 5.85 mm on the top of the front side. The glass covers 265
on the front and back are 5.85 mm shorter than the plastic frame. 266
The proposed array is placed on the top corner, which is covered 267
by the plastic frame but not the glass covers and the screen. The 268
square holes, which are opened on the covers, frame, and screen, 269
are for the connectors in the simulations. The impedance matching 270
and radiation patterns will change due to the different boundary 271
conditions in the phone model comparing with free space. Some 272
parameters are slightly tuned in the simulations with mobile phone 273
model in order to reach good impedance matching (lt = 2.2 mm, 274
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Fig. 8: The simulated and measured radiation patterns of array
element 2 in the vertical plane (yoz). (a) H-mode at 27.5 GHz. (b) V-
mode at 27.5 GHz. (c) H-mode at 28 GHz. (d) V-mode at 28 GHz.
(e) H-mode at 29 GHz. (f) V-mode at 29 GHz. (g) H-mode at 30
GHz. (h) V-mode at 30 GHz.
s2 = 0.1 mm, dc1 = 2.05 mm). In Fig.11b, ”SH,H” ,”SV,V ”, and275
”SV,H” represents the H-pol and V-pol reflection coefficients and276
coupling of the array element 2 without the phone model. ”SH,H277
phone”, ”SV,V phone”, and ”SV,H phone” are the results of the same278
array element with the phone model. The radiation patterns of array279
element 2 are presented at 28 GHz. Fig.11c and Fig.11d are the280
patterns of H mode in the vertical (yoz) and horizontal plane (xoy).281
Fig.11e and Fig.11f are the V mode in vertical (yoz) and horizontal282
plane (xoy). ”co-pol phone” and ”cross-pol phone” represent the co-283
pol and cross-pol patterns with the phone model, respectively. The284
0°
45°
90°
135°
180°
225°
270°
315°
20 15
10 5
0 5
H-mode
Cross-pol meas
Co-pol meas
Cross-pol sim
Co-pol sim
(a)
0°
45°
90°
135°
180°
225°
270°
315°
20 15
10 5
0 5
V-mode
Co-pol meas
Cross-pol meas
Co-pol sim
Cross-pol sim
(b)
0°
45°
90°
135°
180°
225°
270°
315°
20 15
10 5
0 5
H-mode
Cross-pol meas
Co-pol meas
Cross-pol sim
Co-pol sim
(c)
0°
45°
90°
135°
180°
225°
270°
315°
20 15
10 5
0 5
V-mode
Co-pol meas
Cross-pol meas
Co-pol sim
Cross-pol sim
(d)
0°
45°
90°
135°
180°
225°
270°
315°
20 15
10 5
0 5
H-mode
Cross-pol meas
Co-pol meas
Cross-pol sim
Co-pol sim
(e)
0°
45°
90°
135°
180°
225°
270°
315°
20 15
10 5
0 5
V-mode
Co-pol meas
Cross-pol meas
Co-pol sim
Cross-pol sim
(f)
0°
45°
90°
135°
180°
225°
270°
315°
20 15
10 5
0 5
H-mode
Cross-pol meas
Co-pol meas
Cross-pol sim
Co-pol sim
(g)
0°
45°
90°
135°
180°
225°
270°
315°
20 15
10 5
0 5
V-mode
Co-pol meas
Cross-pol meas
Co-pol sim
Cross-pol sim
(h)
Fig. 9: The simulated and measured radiation patterns of array
element 2 in the horizontal plane (xoy). (a) H-mode at 27.5 GHz.
(b) V-mode at 27.5 GHz. (c) H-mode at 28 GHz. (d) V-mode at 28
GHz. (e) H-mode at 29 GHz. (f) V-mode at 29 GHz. (g) H-mode at
30 GHz. (h) V-mode at 30 GHz.
bandwidth of the V mode in the phone model is wider than that 285
in free space but the radiation efficiency is nearly the same. As the 286
comparison, both modes with phone model operate similarly as those 287
in free space, which proofs that the proposed array is compatible with 288
a real mobile phone environment. 289
In Table.II, the performance of the proposed antenna is compared 290
with some other mm-wave antennas, which has the potential to be 291
implemented in handsets. The operating band is chosen according 292
to the overlapping -10 dB impedance matching band of the two 293
polarization. The work in [11], [12], [16], [17], and [18] are dual 294
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TABLE II: Comparison with Other Dual-Polarized Mm-wave Antennas Potential for Implementing in Handsets.
Ref No. Antenna
Type
Polarization Beam
Symmetry
Beam
Direction
Array Operating Band
(GHz)
Element Gain
(dB)
Thickness Clearance
[11] Patch Dual N.A. Broadside No array 57 - 64 11 dBi 0.226λ0 12 mm (2.4λ0)
[12] EM Dipole Dual N.A. Broadside 2 × 2 53 - 71 8.4 dBi 0.3λ0 5 mm (1λ0)
[16] Meshed
patch
Dual No Endfire 1 × 16 56 - 68 3.8/4.5 dBi 0.12λ0 0.75 mm (0.15λ0)
[17] SIW horn Dual Yes Endfire 1 × 8 50 - 70 6.8 dBi 0.66λ0 2.86 mm (0.572λ0)
[18] Yagi Dual No Endfire 1 × 4 34 - 38 7 dBi 0.23λ0 12.8 mm (1.54 λ0)
[23] SIW Patch Vertical Yes Endfire 1 × 4 29.45 - 33.4 6.6 dBi 1λ0 0.508 mm (0.05λ0)
[24] Dipole Vertical Yes Endfire 1 × 4 27 - 29 7.13 dBi 0.46λ0 7 mm (0.65 λ0)
This work SIW horn Dual Yes Endfire 1 × 4 27.5 - 29.5 5 dBi 0.1λ0 2.7 mm (0.25 λ0)
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Fig. 10: The simulated scanning patterns in the horizontal plane (xoy).
(a) H-mode at 29 GHz. (b) V-mode at 29 GHz.
linearly polarized antennas. The work in [23] and [24] are two295
vertically polarized endfire arrays. The endfire antennas in [16], [18],296
and this work have asymmetric structures. The beam tilting in the297
vertical plane is observed in both [16] and [18] but is avoided in this298
work by using a modified transition plate. In [17], the two polarization299
antennas are placed parallel in order to lower the profile and achieve300
symmetric structure in the elevation plane. Therefore, the distance of301
the array elements is larger (0.77λ0), which will lower the beam302
scanning angle. Comparing of all the other works, the proposed303
antenna has the smallest thickness due to the matching transitions304
plates, which, as a result, limits the bandwidth of the V-pol mode. In305
[11] and [12] the clearance of the broadside antennas is chosen as the306
ground plane width and in the other endfire antennas the clearance307
is applying the same rules as this work. The clearance in this work308
is larger than [16] but is much smaller than all the others.309
IV. CONCLUSION310
This paper proposes a dual-polarized endfire antenna at 28 GHz for311
5G handset applications. It has planar structure with low profile of312
1.1 mm and only 2.7 mm clearance. By utilizing the asymmetric313
transition plates to the SIW, the radiation patterns of the two314
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Fig. 11: The simulations of the proposed array in a mobile phone
model at 28 GHz. (a) The array in the phone. (b) S-parameters of
element 2 in the phone. (c) Radiation pattern of H-pol in the vertical
plane (yoz). (d) Radiation pattern of H-pol in the horizontal plane
(xoy). (e) Radiation pattern of V-pol in the vertical plane (yoz). (f)
Radiation pattern of V-pol in the horizontal plane (xoy).
polarization are symmetric in the vertical plane over the operating 315
band from 28 GHz to 30 GHz. The simulated cross-polarization 316
is 10 dB lower than the co-polarization for both modes during the 317
operating band. A 4-element array is implemented with the proposed 318
dual-polarized antenna as array elements. The measured results of 319
the array show good agreements with the simulations. The measured 320
overlapping -10-dB bandwidth is from 27.5 GHz to 29 GHz and the 321
cross-polarization is 10 dB lower than the co-polarization. 322
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